Monte Carlo (MC) simulations have been used to study the structure of an intermediate thermal phase of poly (R-octadecyl γ,D-glutamate). This is a comblike poly(γ-peptide) able to adopt a biphasic structure that has been described as a layered arrangement of backbone helical rods immersed in a paraffinic pool of polymethylene side chains. Simulations were performed at two different temperatures (348 and 363 K), both of them above the melting point of the paraffinic phase, using the configurational bias MC algorithm. Results indicate that layers are constituted by a side-by-side packing of 17/5 helices. The organization of the interlayer paraffinic region is described in atomistic terms by examining the torsional angles and the end-to-end distances for the octadecyl side chains. Comparison with previously reported comblike poly( -peptide)s revealed significant differences in the organization of the alkyl side chains.
Introduction
Helical comblike polypeptides are of interest because of their peculiar structure. 1 These polymers are constituted by two different structural units: (i) a rigid helical backbone, which is stabilized by intramolecular hydrogen bonds, and (ii) a flexible long linear alkyl side chain, the conformation of which mainly depends on the temperature. As a result, comblike polypeptides adopt a biphasic structure, which consists of a layered arrangement of backbone helical rods immersed in a paraffinic pool ( Figure 1 ). This structure is highly sensitive to temperature, so phase transitions are usually induced by heating or cooling treatments. The main structural differences between these phases concern the organization of the alkyl side chains in the paraffinic region. In the most ordered phase, denoted A, the alkyl side chains are partially crystallized in a hexagonal lattice with the interior methylene units in trans conformation. Phase A converts into phase B upon heating above the transition temperature, T 1 . In phase B, the alkyl side chains are in a molten state even though the polypeptide main chains retain the helical conformation and the layered arrangement. A third phase C is observed at higher temperatures in certain cases, but the structure present in this phase is not well understood.
A notable effort was dedicated in the last 2 decades to investigate the structure of comblike poly(γ-alkyl R,Lglutamate)s, that is, the alkyl esters of poly(R-glutamic acid), abbreviated PGALG-n (where n indicates the number of carbon atoms of the alkyl side chain). [1] [2] [3] Recently, we evidenced that helical comblike poly( -peptide)s behave similarly to PGALG-n. [4] [5] [6] [7] [8] More specifically, poly(R-alkyl ,L-aspartate)s, abbreviated PAALA-n, were examined by differential scanning calorimetry, NMR, and X-ray diffraction and shown to adopt the characteristic biphasic structure with the polypeptide chains in 13/4 helical conformation. [4] [5] [6] Furthermore, an atomistic structural description was provided for comblike PAALA-n by using Monte Carlo (MC) simulations. [5] [6] [7] [8] On the other hand, the synthesis and structure of poly(Ralkyl γ-glutamate)s with short and long alkyl side chains, abbreviated PAAG-n, have been examined by us. [9] [10] [11] [12] These poly(γ-peptide)s were prepared either by chemical synthesis or by derivatization of bacterially produced poly(γ-glutamic acid) with different D/L enantiomeric ratios. A recent analysis of the microstructure of these biosynthetic polymers by 13 C NMR revealed that they are actually stereocopolymers made of enantiomerically homogeneous D and L blocks. 10 Accordingly, optically pure polymers and racemic polymers exhibited practically the same structural behavior.
Two series of PAAG-n differing in the D/L enantiomeric ratio, 9:1 and 1:1, and with n ranging from 12 to 22 were synthesized and characterized by a variety of experimental techniques. 9a In a preceding paper, a detailed experimental study is carried out on the supramolecular structure adopted by these comblike poly(γ-glutamate)s with particular attention paid to the phase transitions that take place by effect of temperature. 9b The observations were consistent with the occurrence of a biphasic layered structure, the layers being constituted by helices stabilized by intramolecular hydrogen bonds. Such results along with those previously obtained for poly( -peptide)s establish that this type of supramolecular assemblies is not found only for R-helix but that it is shared by other nonconventional polypeptides provided that they can be arranged in a helical conformation. The investigation of PAAG-n is particularly interesting because of the biosynthetic accessibility and potential biodegradability of their parent compound, poly(γ-glutamic acid) (PGGA). Accordingly, the structure of PAAG-n deserves a microscopic study using atomistic simulations.
The purpose of this work is to provide a detailed description of the atomistic structure of comblike PAAG-n using advanced MC methods. The study has been confined to the study of the structure of phase B because of (i) the difficulty of MC technique to reproduce the crystallized region of phase A, (ii) the almost total lack of experimental information on the structure of phase C, and (iii) the amount of experimental data available on phase B that, although insufficient to attain a detailed description of the structure adopted in this phase, is very useful for supporting the simulation analysis. Simulations have been performed considering the enantiomerically pure poly(R-octadecyl γ,Dglutamate), denoted PAADG-18, for consistency with our previous studies on PAALA-18. 5, 7, 8 Furthermore, a detailed comparison between helical comblike poly( -peptide)s and poly(γ-peptide)s has been made.
Model and Computational Methods
Helical Conformation. Precise experimental information required to define the helical backbone conformation of comblike polypeptides is not usually attained because of the constitutional complexity of these systems. For comblike poly(R-peptide)s and poly( -peptide)s, the molecular conformation was inferred from the X-ray data obtained for members with short alkyl side groups, which crystallize in a three-dimensional array.
1,2,4 Accordingly, 18/5 and 13/4 helical conformations were proposed for comblike PGALG-n and PAALA-n, respectively. In the present study, we have initially considered the helical conformations previously described for poly(γ-glutamic acid) and poly(γ-glutamate)s bearing short side chains. Experimental observations first carried out by Rydon, 15 and later by other authors, evidenced that poly(γ,D-glutamic acid) adopts a helical conformation. 16, 17 Computer simulations revealed recently that such experimental data are compatible with a left-handed 17/5 helix stabilized by intramolecular hydrogen bonds set between the amide groups i and i + 3. 18 On the other hand, synthetic methyl and benzyl esters of poly(γ,L-glutamic acid) were found to adopt a 5/2 helical conformation stabilized by intramolecular hydrogen bonds between the i and i + 2 amide groups. 11, 12 Solution NMR experiments carried out on related oligo(γ,L-amino acid)s detected the same conformation. 13, 14 More recently, a third helical conformation has been described for the benzyl ester of biosynthetic poly(R-benzyl γ,L-glutamate). 12 This consists of a 37/10 helix with the same hydrogen-bonding scheme and rise per residue (1.50 Å) as the 17/5 helix, which make both helices very close in topology. In fact, the maximum difference between dihedral angles of the 17/5 and 37/10 helices is only 4.1°. Given the strong similarities between these two helices and the high computing cost that the analysis of the 37/10 helix would imply, only the 5/2 and 17/5 helical arrangements were considered in this study. However, it should be emphasized that results obtained with the 17/5 helix are perfectly applicable to the 37/10 helix because of their structural similarity. The main characteristics of the 5/2, 17/5, and 37/ 10 helices are summarized in Table 1 . Figure 2 shows the axial and equatorial projections of 5/2 and 17/5 helices examined in the present work.
Molecular Models. The structure of comblike PAADG-18 in the solid state was simulated by packing four independent helices of PAADG-18 in an orthogonal simulation box with the helices oriented with their axes parallel to the z-axis (Figure 3) . The x-axis was defined as pointing along the line joining centers of neighboring helices within a layer. The y-axis pointed therefore perpendicular to the helix layers, and these were parallel to the x-z plane. Independent chains in the arrangements constituted by 5/2 and 17/5 helices contained a total of 10 (5 × 2) and 17 residues in each one, respectively. Periodic boundary conditions were applied along the three axes by using the minimum image convention.
All of the methylene and end methyl groups were represented using pseudoatoms, while the remaining atoms were described explicitly. The number of explicit atoms/ pseudoatoms comprising a typical simulation of PAADG-18 varied with the helical backbone conformation, being 1160 and 1972 for the 5/2 and 17/5 helices, respectively. Bond lengths and angles were kept fixed for the alkyl side chains, whereas bond lengths and angles and torsional angles were kept fixed for all helices, which is consistent with the experimental observation that helical conformations are retained in phases A and B. Simulation Details. Simulations were performed using an advanced MC sampling technique, configurational bias Monte Carlo (CBMC). 19, 20 The CBMC method consists of the following three steps: (i) a chain is selected at random; (ii) the chain is cut at a random position; (iii) the chain is sequentially regrown bond-by-bond by examining a number of possible torsions (N s ), which are randomly chosen. This algorithm was specifically adapted for studying comblike polymers and subsequently implemented into a computed program denoted MCDP (Monte Carlo Simulations of Dense Polymers). 21 In addition to CBMC moves, a small fraction of Metropolis moves was also considered for the alkyl side chains. In the CB algorithm, N s ) 8 torsional angles were used to sample the torsional space for the side chains. The degrees of freedom in simulations of NVT-type, tht is, without varying the size of the simulation box, were the torsional angles of the alkyl side chains and the setting angles, which define the relative orientation among the helices. On the other hand, in NPT-type simulations (P ) 1 atm), the dimensions of the simulation box were also considered as degrees of freedom. The frequency used for the different types of MC moves, the number of steps, and temperature of the system for all of the simulations presented below are displayed in Table 2 .
The Amber force field was used to represent the electrostatic, van der Waals, and torsional energies of the system. 22 The van der Waals energy was computed in the usual pairwise additive mode using a Lennard-Jones 6-12 potential. The van der Waals parameters, σ and , were computed using arithmetic and geometric mean combining rules, respectively.
Electrostatic interactions play a major role in PAADG-n helix conformation; they are actually responsible for their high stability. Because we are comparing the stability of the 5/2 and 17/5 helices in supramolecular biphasic structures, these interactions were taken into account by assigning partial atomic charges to the atoms of both the backbone and side ester groups. Such electrostatic charges were derived by fitting the rigorously defined quantum mechanical molecular electrostatic potential, which was calculated at the ab initio HF/6-31G(d) level on a reduced model constituted by two residues, to the Coulombic electrostatic potential. This procedure was used for two reasons. First, previous studies demonstrated that in general the parameters derived from suitable reduced models lead to reliable results. 23 Second, the electrostatic parameters derived at the HF/6-31G(d) level have been included in the libraries of the Amber force fields. 22 However, electrostatic interactions were neglected for the mobile alkyl side chains because they can be considered as electrically neutral. This strategy, which is efficient from a computational point of view, was proved to be reliable for comblike PAALA-n. 8 Thus, calculations including the electrostatic interactions for the alkyl side groups led essentially to the same results as those in which such interactions were omitted. Furthermore, it should be noted that electrostatic interactions are usually neglected in both molecular dynamics and MC simulations of melts of alkyl chains. 24 Electrostatic interactions for the partially charged atoms were evaluated using a standard Coulombic potential. It is expected that such a simple approach produces reliable results for the following reasons. First, the atomic charges on the backbone atoms are relatively low because no anion/cation is included in the system. Furthermore, the distance between neighboring polymer helices is considerably large. Nonbonding interactions were truncated at 15 Å, implying that all atoms of one residue interact with all other atoms of another residue if at least one pair of atoms is within this limit. A three-term Fourier series expansion was used to represent the torsional energy. Nonbonding and torsional parameters were taken from Amber 4.0 libraries. 25 It should be mentioned that during the last years several force fields have been optimized for the simulation of long paraffinic chains. 26 Within this context, the anisotropic united atom force field developed by Toxvaerd 26a,b and co-workers deserves special attention. This model, which allows the movement of the interaction center on each segment depending on the conformation of the whole molecule, was successful in predicting the equation of state and dynamics of alkanes, as well as the structure and thermodynamics of Langmuir monolayers. However, it should be noted that MC simulations of PAADG-18 should provide a satisfactory description not only of the paraffinic interphase but also of the polypeptide chains. The Amber force field is able to satisfy such requirements, [5] [6] [7] [8] and for this reason, we decided to use it. Furthermore, previous studies indicated that the behavior of long alkyl chains can be also correctly simulated using simple isotropic force fields. 19, 24 The atomistic modeling of the phase A was performed by using the graphical tools implemented in the Cerius 2 computer package.
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Results and Discussion
The Helical Conformation in Comblike PAADG-18. For each helix type, two different packing modes were considered: (i) the chains arranged antiparallel with respect to each other (A) and (ii) the chains arranged in parallel (P). The initial dimensions of the simulation box for the two packing modes of 5/2 helices, henceforth denoted 5/2-A and 5/2-P models, were 2a 0 ) 56.00, 2b 0 ) 24.21, and c 0 ) 20.20 Å (Figure 3) . Unfavorable interactions were removed by 7.5 × 10 4 MC steps of NVT-type at T ) 348 K (simulations 1 and 2 in Table 2 ), this temperature being about 20 K higher than that observed for the phase A-B thermal transition in PAADG-18. 9 After this, production runs consisting of 2.5 × 10 5 steps of NPT-type at the same temperature were started (simulations 3 and 4 in Table 2 ), the atomic coordinates being saved at 2500 steps intervals. To consider the influence of the starting point in the simulations, additional calculations were performed for the 5/2-A and 5/2-P models by varying both the dimensions of the simulation box and the arrangement of the helices (data not shown). However, such simulations do not deserve any extra discussion because they provided similar results to those presented below.
Both the 5/2-A and 5/2-P models were found to evolve toward a structure in which the alkyl side chains are completely molten. Inspection of the recorded microstructures indicated that the side chains of adjacent residues were very separated, so they cannot pack favorably. As a consequence, the paraffinic side chains wrap around the helical backbones and large voids appeared in the middle part of the interlayer region. These features are illustrated in Figure 4 , which shows a representative microstructure projected along the c-axis for the 5/2-P model.
The deficiencies detected for models 5/2-A and 5/2-P must be attributed to the structural characteristics of the 5/2 helix (Table 1) . Consecutive side chains are spaced too far apart because of both the large rise per residue (2.02 Å) and the small number of residues per turn (2.5 residues turn -1 ), which induce their folding toward the polypeptide backbone. The absence of interdigitation among the alkyl side chain of different helices is in contradiction with experimental evidences for PAADG-n, 9 and also PGALG-n and PAALAn. [1] [2] [3] [4] [5] [6] Figure 5a shows the evolution of the energy through the NPT simulations for the two packing modes constituted by 5/2 helices. As can be seen, no significant energy difference appears between the 5/2-A and 5/2-P models, even though the 5/2-P model is slightly more stable (∼1 kcal/mol) than the 5/2-A. On the other hand, the evolution of the interlayer distance, a 0 , through the simulations is displayed in Figure  5b . As can be seen, the interlayer distance a 0 decreases from 28 to 25.5 and 24.5 Å for the 5/2-A and 5/2-P, respectively. These values are about 5 Å shorter than the parameter experimentally measured for the phase B of PAADG-18 (a 0 ) 30 Å). 9 Regarding the distance between neighboring helices within the same layer, b 0 , it fluctuates around the initial value to arrive to ∼11.8 Å at the end of the simulation (data not shown). We are aware that the parameter a 0 is not completely equilibrated after 2.5 × 10 5 MC steps for the 5/2-P model. Nevertheless, in our opinion neither the 5/2-A nor the 5/2-P models deserve further consideration. Thus, the overall results allow us to conclude that the models constituted by 5/2 helices provide a poor description of both the cell dimensions and the distribution of the alkyl side chains in the paraffinic interphase.
To investigate the second helical conformation considered in this study, the two packing modes of helices 17/5, denoted 17/5-A and 17/5-P models, were immersed in a simulation box with dimensions 2a 0 ) 58.00, 2b 0 ) 28.60, and c 0 ) 25.50 Å. In this case, the parameters 2a 0 and 2b 0 were increased with respect to those initially considered for the 5/2-A and 5/2-P model. Otherwise unfavorable steric clashes were obtained because the diameter of the 17/5 helix is 1.8 Å larger than that of the 5/2 helix. In a first stage, MC simulations of NVT-type at T ) 348 K were performed to minimize unfavorable sterical clashes (simulations 5 and 6 in Table 2 ). Next, simulations of NPT-type were performed at the same temperature (simulations 7 and 8 in Table 2 ).
It is worth noting that the interlayer distance a 0 sharply increases during the first hundredths of MC steps ( Figure  5b ). This enlargement is due to some unfavorable interactions that remained after NVT simulations. Subsequently, a 0 shortens slowly until reaching an equilibrium value. This is about 28 and 30 Å for the 17/5-A and 17/5-P models, respectively, revealing a good agreement with the experimental measure (a 0 ) 30 Å). On the other hand, the parameter b 0 stabilizes at about 14 Å (data not shown), this value being similar to that used as starting point. It should be noted that no experimental value has been reported for b 0 . The density calculated for this structure is about 1.0 g mL -1 , which is in comfortably good agreement with the value that should be experimentally expected. Note that the density measured for phase A is 1.02 g mL -1 . According to the contraction happening in the structure when phase A converts into phase B, the density of the latter would be increased by 6%. Indeed, the small difference (less than 10%) between the theoretical and experimental densities should be attributed to the Amber force field, which was optimized to study biological macromolecules in dilute solution. 22 Similar trends were detected in our previous studies on comblike PAALAn. [6] [7] [8] Figure 6 shows a representative microstructure of the 17/ 5-P model obtained in the production stage. As can be seen, the appearance of void spaces at the center of the paraffinic region is minimized because side chains are interdigitated, which is in good agreement with experimental data. 9 Comparison with the results obtained for the 5/2-A and 5/2-P models indicates that the shape and size of the core defined by the helix backbone plays a crucial role. Thus, the 17/5 helix presents a rise per residue of 1.50 Å, and its projection can be described as cylindrical. These characteristics allow both favorable interactions among the interdigitated side chains, because they are close in the space, and a homogeneous distribution of the side chains in the bending region, that is, the region in the proximity of the helix backbone.
The evolution of the energy after equilibration of the structures made of 17/5 helices is shown in Figure 5a . Again, no significant energy difference appears between the parallel and antiparallel models, the 17/5-P model being only slightly more favored than the 17/5-A one. However, an important energy gap (larger than 12 kcal mol
) is observed when the models constituted by 17/5 and 5/2 helices are compared. The overall results lead us to consider that the 17/5 helix is more suitable for the formation of the biphasic structures of PAAGD-18 than the 5/2 one. Furthermore, we considered the 17/5-P packing for subsequent analyses even though no clear difference can be established between the parallel and the antiparallel models. For this purpose, simulation 8 was extended to 9 × 10 5 MC steps, no significant change being found in the lattice dimensions and the energy with respect to the results displayed in Figure 5 .
A detailed inspection of the microstructures generated for the 17/5 models allows detection of a notable disorder in the interlayer region ( Figure 6 ). Accordingly, the phase B of PAADG-18 can be conceived as layers of polypeptide helices embedded in a matrix made up of paraffinic chains in a molten state. This is a striking difference with respect to the phase B of comblike PAALA-n, in which the alkyl side chains retain a preferential alignment along the y-axis, that is, the side chains are partially disordered but not in the actual molten state. 6, 7 Furthermore, another important difference concerning the side-by-side arrangement of the helices appears between comblike poly( -peptide)s and poly(γ-peptide)s. In the former case, neighboring helices within a layer were almost in contact. Thus, the alkyl side chains were essentially located in the interlayer region. Figure 7 shows a microstructure of PAALA-18, which was also obtained using MC simulations. 8 Conversely, the layers of PAADG-18 are constituted by polypeptide helices separated by alkyl side chains in a molten state, that is, the paraffinic chains are distributed between both the inter-and intralayer regions. However, the intralayer paraffinic region is so thin that neighboring helices are able to interact through their dipoles. Indeed, the cell dimensions derived from MC simulations clearly reflect the existence of such interaction. Thus, the parameters reached after 9 × 10 5 MC steps follow the pattern displayed in Figure 5b : a 0 (∼30 Å) ≈ 2b 0 (∼2 × 14 Å). It should be emphasized that in the absence of such interactions the system should spontaneously evolve toward a new isotropic structure with parameters a 0 ≈ b 0 . The latter arrangement is that supposed to exist in the phase C of PAALA-18, which is reached upon heating the phase B upon a second transition temperature T 2 . 4 The differences between the phase B of PAADG-18 and PAALA-18 should be attributed to the topological differences that derive from the constitutional and conformational characteristics of these compounds. Comblike poly( -peptide)s adopt a 13/4 helix with 3.25 residues per turn, while a 17/5 helix with 3.4 residues per turn is here assumed for PAADG-18. Furthermore, consecutive amide groups are separated along the main chain by two and three carbon atoms in PAALA-n and PAADG-n, respectively. Accordingly, the backbone and side ester atoms of each helix are closer in the former compounds than in the latter ones. This feature explains the presence of alkyl side chains between adjacent helices within the layers and the higher disorder found in the interlayer region.
Comparison with Phase A. The structural conclusions drawn for the phase B concerning the suitability of the 17/5 helical arrangement should be expected to be even more conspicuous for phase A because in this case the topological restrictions are more severe. Previous studies in comblike PAALA-n indicated that unconstrained MC simulations are not suitable to reproduce the phase A. 7 The failure to reproduce the crystallization of the paraffinic chains is due to the MC method itself. It is well-known that MC simulations of alkanes below the experimental melting point lead to supercooled liquids rather than to crystals. 28 To provide an atomistic model of phase A comparable with phase B modeled by MC methods, we employed the graphical modeling tools implemented in the Cerius2 computer program. 27 Thus, one of the microstructures derived in the previous section for the 17/5-P model was used as starting point, both the cell dimensions and the torsional angles of the alkyl side chains being adjusted to fulfill the features derived from the experimental data. This process was combined with single-point energy calculations to avoid unfavorable interactions in the resulting model. Figure 8 shows the atomistic model proposed for phase A of PAADG-18, which is characterized by the presence of order in the tree-axis. Even though this highly ordered structure fits the most important experimental trends reported for the phase A (density and crystallization of about eight methylene groups in the interlayer region), it should be only considered a rough atomistic model. This is because the conformational space of the dihedral angles involved in the side chain bending regions has not been explored. Unfortunately, the limitations of the MC techniques and the lack of experimental data concerning the side group arrangement in such regions does not allow us to obtain a more precise model. Organization of the Paraffinic Chains in Phase B of PAADG-18. To provide a more quantitative description of the structure of the paraffinic region in the phase B of PAADG-18, the 18 torsional angles for the alkyl side chains of the 17 × 4 residues explicitly considered were examined. For this purpose, additional simulations of NVT-type consisting of 3.5 × 10 5 steps were performed at T ) 348 and 363 K for the 17/5-P model (simulations 9 and 10 in Table 2 ). According to the results presented in previous sections, the parameters of the simulation box were 2a 0 ) 60.0, 2b 0 ) 28.0, and c 0 ) 25.5 Å.
The short-distance properties (at a level of 1-10 Å) of the alkyl side chains were examined by considering the first and second degree autocorrelation functions (f 1;bcf and f 2;bcf , respectively), which allow us to study how fast the local properties of the paraffinic phase change as the MC simulations run. These were computed using the following expressions: 29 where the subscripts i and j correspond to the bonds and to the microstructures, respectively, and V i is the unit vector of the ith bond. These functions estimate how fast the bonds erase the memory of the previous local configuration. The decay of both f 1;bcf (n) and f 2;bcf (n) at T ) 348 K is shown in Figure 9 , the autocorrelation functions obtained at T ) 363 K (data not shown) being similar. The bond autocorrelation functions f 1;bcf (n) and f 2;bcf (n) drop to about 0.7 and 0.6, respectively. It should be remarked that for the system investigated, one of the ends of the side chain is anchored to the helix backbone precluding a complete loss of both short-and large-range correlations. According to this and to the results displayed in Figure 9 , the microstructures obtained in the present simulations should be considered as statistically independent. Figure 10 shows a population analysis for each torsional angle, the conformations being grouped in the following four categories: trans, gauche + , gauche -, and the other remaining conformers. The trans is the predominant conformation at the two temperatures, which is consistent with the results obtained for comblike PAALA-n. [6] [7] [8] On the other hand, the frequency of trans conformation slightly decreases with the temperature, that is, about 5% in average. This is not a surprising result because the population of folded states is expected to increase with the temperature.
There is a fundamental difference between the results reported for PAALA-18 and those derived in the present work for PAADG-18. In comblike PAALA-18, the six torsional angles closer to the main chain helix present notable conformational differences with respect to the remaining 12 torsional angles. This feature was related with the alignment of the alkyl side chains along the y-axis. Conversely, for the compound under study, no significant difference is perceived in the populations of the last 16 torsional angles, for which . The population analysis of the torsional angle associated with each of the 18 bonds in the alkyl side chain is specified. The four categories considered for each bond, in the order displayed in the figure from left to right, are trans, gauche + , gauche -, and the remaining conformers.
a homogeneous conformational distribution was found. This is consistent with the disordered state detected in the paraffinic interphase for the phase B in comblike poly(γ-peptide)s (see Figure 6 ).
To provide a more detailed view of the homogeneous distribution of the conformational preferences, the distance between the carbon atom of the ester group and the end methyl pseudoatom of the alkyl side chain, that is, the endto-end distance of the paraffinic chains, was measured for each residue. Figure 11 shows the evolution of such distance for the 17 residues of the helix by considering the last 100 microstructures generated in the simulations at T ) 348 K.
The computed values change with the position of residue within the layer varying from 11 to 18.5 Å. However, in general, the predominant values are those ranging from 13 to 16 Å, which indicates that, on average, the different side chains present similar conformational preferences. Moreover, comparison between the end-to-end distances at 348 and 363 K (data not shown) reveals that, in general, this parameter tends to decrease when the temperature increases. This behavior is in agreement with the population analyses displayed in Figure 10 .
Summary
The structure of comblike PAADG-18 has been investigated using atomistic Monte Carlo simulations. A standard nonoptimized force field has been used together with a fixed bond length, fixed bond angle model. The CB algorithm, which was specially adapted to simulate comblike polymers, has been used through the MCDP computer program. 21 Results indicate that the most favored model corresponds to a parallel packing of 17/5 helices. This helical conformation is the model previously put forward for poly(γ,Lglutamic acid), which is very similar to the 13/4 and R-helix proposed for PAALA-n and PGALG-n, respectively. The model would be perfectly replaceable by the 37/10 helix, the helix that has been found to exist in poly(R-benzyl γ,DLglutamate). On the other hand, the organization of the paraffinic phase was examined by analyzing both the dihedral angles of the alkyl side chains and the end-to-end distance. The structure of comblike PAADG-n can be envisaged therefore as layers of rigid 17/5 helices separated by a molten paraffinic interphase. The differences detected between the paraffinic interphase of comblike PAADG-n and that found for PAALA-n can be considered one of the outstanding results of this paper.
